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vertebral system and occurs nontraumatically in the majority
of cases [1]. Spontaneous internal carotid artery (ICA)
dissection revealed an annual incidence rate of about 1.72 per
100,000, and spontaneous vertebral artery (VA) dissection can
be estimated at 0.97 per 100,000 [2]. Dissections of the
intradural vessels are rare causes of acute subarachnoid
hemorrhage (SAH), which account for fewer than 10% of
cases [3]. However, if left untreated, patients who present with
an intradural VA dissection and with acute SAH have an
overall mortality rate of 67% [4]. Urgent treatment is required
because of the high incidence of rebleeding (30%e69%),
often in the first 24 hours, and the high mortality rate (47%)
that follows rebleeding [5]. Since the introduction in 1991 of
the Guglielmi Detachable Coil (GDC) (Boston Scientific
Corp., Natick, MA), deconstructive endovascular therapy with
proximal occlusion or internal trapping has been progressively
recognized as an important modality of treatment for cranial
artery dissection. Reconstructive endovascular treatment with
stent placement or stent-assisted coiling was recently intro-
duced. We present a retrospective series of 4 patients treated
by this form of therapy for extradural or intradural arterial
dissection to determine the outcomes, and we discuss the
efficacy and limitations of this procedure.
Methods
Between 2003 and 2007, 4 patients with extradural or
intradural arterial dissections were treated at our institution* Address for correspondence: Philippe Dion-Cloutier, MD, Department of
Radiology, Universite´ de Montre´al, 2900 E´douard-Montpetit, Montreal,
Que´bec H3C 3J7, Canada.
E-mail address: philippe.dion-cloutier@umontreal.ca (P. Dion-Cloutier).
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doi:10.1016/j.carj.2010.04.003with stent placement or stent-assisted coiling. Medical and
radiology records were reviewed. Age, sex, clinical condi-
tion, site, and dissection features were collected and are
summarized in Table 1. Two patients (patients 1 and 2)
presented with SAH, and their angiogram revealed intradural
dissections of the left VA and the right VA, respectively. Two
traumatic extradural dissections (patients 3 and 4)were located
on the right and left ICA. All the procedures were performed,
with the patient under general anesthesia, by using the femoral
approach. The technical description of each procedure is
summarized to explain the different methodology chosen
based on the lesion morphology.Case 1This patient presented with SAH after posttraumatic dissec-
tion of the V4 portion of the left VA. A single Neuroform stent
(BostonScientific)wasdeployed at thedissection site, but further
insertion of coils in the pseudoaneurysm was not achieved.Case 2This patient presented with SAH after dissection of the
V4 portion of the right VA (Figures 1 and 2). Because of the
significant length of the dissected segment, it was decided to
insert 2 Neuroform stents in telescopic fashion at the site of
the lesion (Figure 3).Case 3This patient presented with a significant life-threatening
bled, with epistaxis and hemoptysis with laceration of the
right ICA at the carotid siphon 10 days after a motor vehicle
accident. In this case, because of the presence of a complexll rights reserved.
Table 1
Patient characteristics, clinical conditions, and dissection descriptions in 4 patients with cranial artery dissections
Patient no. Age (y)/sex Etiology Symptom Location Dissection characteristic
1 53/F T Hunt-Hess grade II SAH Left VA, V4 Projecting medially
with significant irregularity
2 33/M S Hunt-Hess grade II SAH Right VA, V4 Irregularity and diffuse
dilatation from dural
piercing to the vertebrobasilar
junction; intraluminal flap
at posterior artery wall
3 17/M T Epistaxis
GCS 10
Right ICA,
carotid siphon
Involving the anterior
genu and protruding anteriorly
4 37/F T Intraoperative bleeding
(petroclival chordoma)
Left ICA,
petrous segment
Slight narrowing
and small focal
dilatation at the vertical portion
GCS ¼ Glasgow coma scale; ICA ¼ internal carotid artery; S ¼ spontaneous; SAH ¼ subarachnoid hemorrhage; T ¼ traumatic; VA ¼ vertebral artery; V4 ¼
fourth part of the vertebral artery.
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carotid siphon followed by insertion of GDC coils.Case 4This patient had an iatrogenic dissection of the left ICA
during skull-base surgery, which resulted in severe peri-
operative bleeding. The angiogram demonstrated a focal
dissection with a micropseudoaneurysm treated by deploy-
ment of a single Neuroform stent.Figure 1. Case 2. Computed tomography, head plain, demonstrating
subarachnoid and intraventricular bleed.No premedication with anticoagulation was performed,
however, all the patients received a bolus of heparin (3000 IU)
immediately after stent deployment. A continuous infusion of
intravenous heparin was also maintained during the 12 hours
after the procedures. Follow-up angiography was performed at
3e12 months (patients 1, 3, and 4) and at 2 years (patient 1).
Clinical outcomes at 1e4 years were determined by reviewing
medical records.Results
A summary of endovascular treatment, immediate and
follow-up angiographic results, and clinical outcomes is given
in Table 2. In the 2 patients with SAH, immediate angiographic
outcomeswere restoration of the calibre of the vessel (patients 1
and 2), with slight reduction of the pseudoaneurysm (patient 1)
and improvement of the irregularity (patient 2) (Figure 4) . In the
2 extradural arterial dissections, immediate angiographic results
were occlusion of 80% of the pseudoaneurysm (patient 3) and
reconstruction of thewall by stent, with no significant change in
the calibre of the vessel (patient 4).
Excellent outcome (resolution of symptoms) was seen in
3 patients (patients 2, 3, and 4) and good outcome (gradual
improvement of neurologic status) was seen in 1 patient
(patient 1). Unfortunately, 1 patient (patient 2) developed an
intracerebral hemorrhage when removing an extraventricular
drain andwas subsequently transferred to a rehabilitation centre.
Follow-up angiography at 3e12 months demonstrated
significant reduction of the size of the pseudoaneurysm in
1 patient (patient 1), stability in 1 patient (patient 3), and
total resolution in 1 patient (patient 4) (Figure 5). A 2-year
follow-up angiography was available for 1 patient (patient 1)
and revealed partial recanalization of the pseudoaneurysm.
However, there was no clinical evidence of rebleeding in any
cases at 1e4 year follow-up.Discussion
In the majority of cases, intracranial VA dissection occurs
spontaneously [1]. It has been suggested that acute dissection
Figure 2. Case 2. Angiogram (A) and transparency (B) reconstruction of the right vertebral artery, demonstrating irregular calibre of the intradural portion of
the artery compatible with the dissection.
Figure 3. Case 2. Image after insertion of 2 stents in telescopic fashion.
(Arrow heads) indicate the radiopaque markers of the first stent. (Arrows)
indicate the radiopaque markers of the second stent.
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lamina, with subsequent penetration of circulating blood into
the wall of the artery and creating an intramural hematoma,
the so-called false lumen [1,6]. It also has been suggested that
rupture of the vasa vasorum and rupture of new vessels formed
in response to medial necrosis might generate primary intra-
mural hematoma [6,7]. Most cases of dissecting aneurysm are
idiopathic in origin, but numerous risks factors have been
reported in the literature, including trauma, hypertension,
syphilis, fibromuscular dysplasia, cystic medial necrosis, pol-
yarteritis nodosa, Ehlers-Danlos syndrome, Marfan syndrome,
autosomal dominant polycystic kidney disease, osteogenesis
imperfecta type 1, hyperhomocysteinemia, a1-antitrypsin defi-
ciency, and abnormalities of neural crest cells [1,7,8].
Cranial arterial dissections have a highly variable prog-
nosis, which ranges from complete recovery to important
neurologic deficit. Clinically occult dissections have been
found incidentally in patients who had undergone magnetic
resonance imaging or magnetic resonance angiography for
other reasons, and they can be explained by incomplete
vessel occlusion or, alternatively, by vessel occlusion in the
presence of good collateral circulation [9,10]. Ischemic
symptoms are common, and they are mainly caused by distal
embolization from the dissection site or thrombotic occlusion
of branch vessels rather than hypoperfusion because of
arterial stenosis or occlusion [11,12]. Rare chronic and large
dissecting aneurysm produce a mass effect, and the patient
can present with headache, occipital pain, vertigo, vomiting,
progressive myelopathy, dysphagia, and hearing loss [1,5].
Intradural arteries lack an external elastic lamina and have
a thinner adventitia than systemic arteries [13,14]. Therefore,
these dissections are more likely to produce SAH (patients1 and 2). Finally, extradural arterial dissection may cause
symptoms such as epistaxis and intraoperative bleeding
(patients 3 and 4).
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206 P. Dion-Cloutier, D. Tampieri / Canadian Association of Radiologists Journal 62 (2011) 203e208The first step in the decision-making algorithm of treat-
ment is to recognize patients who present with ischemic
symptoms that will usually be managed conservatively or
those who present with SAH and extradural bleeding that
generally requires urgent endovascular treatment [15,16].
Surgical procedures (ligation of the proximal vessel, direct
clipping or trapping or wrapping of the aneurysms) are
associated with higher mortality rates and higher rates of
postoperative complications [1,5,17]. Conservative manage-
ment by anticoagulation and antiplatelet therapy prevents
further thromboembolic events, because most infarctions
caused by dissection are thromboembolic rather than
hemodynamic in origin [11,12].
The second step in the decision-making algorithm of
treatment is to decide between deconstructive procedures
(internal trapping and parent vessel occlusion) or recon-
structive procedures (stent placement, stent-assisted coil
embolization). Ahn et al [18], in a large series of intracranial
and extracranial dissecting aneurysms treated with stent or
stent-assisted coil, concluded that the success in reducing
dissection-induced stenosis or pseudoaneurysm, the patency
rate obtained at follow-up, and the lack of strokes suggest
that reconstructive approaches appear promising. Stent
placement across the site of dissection excludes the aneu-
rysm from the inflow zone by providing the necessary
centrifugal force to permit apposition of the dissected
segment to the vessel wall [15,18,19]. Furthermore, stent-
assisted coil also preserves arterial flow and maintains
selective occlusion of the aneurysmal pouch [20]. By acting
as a rigid scaffold, the stent prevents coils herniating into the
parent vessel from even a wide-necked, irregular-shaped
aneurysm [21]. Foremost, the reconstructive procedure offers
a major advantage, because the fate of collateral vessels is
unknown [18,22].
However, endovascular reconstructive procedures have
several limitations. Stents may occlude perforating arteries
[10]. However, experimental evidence in dogs suggests that
small lateral vessels tend to remain patent if less than 50% of
the ostial diameter is covered by the stent [10,23]. Acute
thrombotic occlusion of the stent or thromboembolic
complications may occur, but the high porosity of the
currently available stents reduce those events [1,23e25]. In
fact, this high porosity of the stents may be insufficient to
produce intraluminal thrombosis within the dissection and
thus fail to prevent subsequent rupture [16,21,22]. In addi-
tion, the anticoagulation and antithrombotic medication use
during and after the procedure may delay thrombosis of the
aneurysm and also produce recurrent bleeding [21]. Other
limitations include rupture during placement of the stent or
coils, difficulty of navigating the microcatheter through the
stent strut, the risk of the coils unravelling, stent movement
after deployment, stent movement during coiling, and vaso-
spasm during stenting [1,22,23,26,27]. In many cases, the
stent-assisted coil technique is impossible, because the
associated saccular component is too small or not well
defined. In those cases, stent placement alone is a valuable
strategy (patients 1 and 4).
Figure 4. Case 2. Immediate control angiogram of the right vertebral artery,
demonstrating patency and regular lumen of the artery.
207Endovascular treatment of cranial artery dissection / Canadian Association of Radiologists Journal 62 (2011) 203e208As discussed above, stents are potentially thrombogenic.
Anticoagulation and antithrombotic medications help to
maintain the parent arterial flow after stent placement
[22,26]. A comparison between anticoagulant and anti-
platelet therapy after the placement of coronary artery stents
demonstrate a lower incidence of thrombotic event in the
antiplatelet group [28].
A stent within a stent technique (patient 2) and a tele-
scoping stent are other endovascular reconstructiveFigure 5. Case 4. (A, B) A 3-dimensional transparent angiogram of the left intern
with stent (B), demonstrating total resolution of the lesion.procedures. Those methods theoretically decrease stent
porosity and thus accelerate intrasaccular thrombus
formation by promoting stasis. However, as the porosity
decreases or as the stent surface area increases, the risk of
thrombogenic events within the true lumen increases
[10,22,24,25].
Endovascular deconstructive techniques include internal
trapping and parent vessel occlusion. Internal trapping, the
obliteration of the entire segment of the dissected site with
coils, collapses the false lumen by the coils within the true
lumen [29]. Alternatively, parent vessel occlusion limits the
risk of catheter and wire manipulation across the dissection
site and is indicated for fusiform or wide-necked pseudoa-
neurysms that could be unsuitable for coils [30]. However,
cases of rehemorrhage have been reported, and the rebleed-
ing may be secondary to retrograde flow from the contra-
lateral arteries [30,31].
Cranial artery dissection requires a close follow-up.
Patients who present with ischemia and who receive
conservative treatment need a follow-up angiography in the
early stage of the event (in the first 3 weeks), because 88.2%
of unruptured VA dissections showed angiographic changes
[32,33]. However, patients who present with SAH or extra-
dural bleeding need long-term monitoring at regular intervals
to make sure that there is no risk for recurrent aneurysm
regrowth, rebleeding, and future dissection, because rerup-
ture or recanalization and growth of the aneurysm can occur
months to years after treatment [22,34,35]. A 2-year follow-
up angiogram was available for 1 patient (patient 1) and
demonstrates partial recanalization at the site of dissection.
However, the absence of evidence of rebleeding at 1e4 years
clinical follow-up suggests that the reconstructive procedure
may have long-term efficacy.al carotid, showing the dissecting aneurysm (A) and 4 months after treatment
208 P. Dion-Cloutier, D. Tampieri / Canadian Association of Radiologists Journal 62 (2011) 203e208Conclusions
Patients with cranial artery dissections who present with
SAH or extradural bleeding require urgent treatment to
prevent repeated hemorrhage and mortality. Reconstructive
endovascular treatment with stent placement or stent-assisted
coiling appears to be an effective management strategy. The
preservation of the parent vessel and the absence of
rebleeding after 1e4 years suggest that those procedures
may have long-term efficacy. Larger series are required to
evaluate the long-term safety of these techniques.References
[1] Yoon W, Seo JJ, Kim TS, et al. Dissection of the V4 segment of the
vertebral artery: clinicoradiologic manifestations and endovascular
treatment. Eur Radiol 2007;17:983e93.
[2] Lee VH, Brown RD, Mandrekar JN, et al. Incidence and outcome of
cervical artery dissection. Neurology 2006;67:1809e12.
[3] Anxionnat R, de Melo Noto JF, Bracard S, et al. Treatment of
hemorrhagic intracranial dissections. Neurosurgery 2003;53:289e301.
[4] Yamada M, Kitahara T, Kurata A, et al. Intracranial vertebral artery
dissection with subarachnoid hemorrhage: clinical characteristics and
outcomes in conservatively treated patients. J Neurosurg 2004;101:
25e30.
[5] Mizutani T, Aruga T, Kirino T, et al. Recurrent subarachnoid hemor-
rhage from untreated ruptured vertebrobasilar dissecting aneurysms.
Neurosurgery 1995;36:905e11. discussion 912e3.
[6] Mizutani T, Miki Y, Kojima H, et al. Proposed classification of non-
atherosclerotic cerebral fusiform and dissecting aneurysm. Neurosur-
gery 1999;45:253e9.
[7] Schievink WI. Spontaneous dissection of the carotid and vertebral
arteries. N Engl J Med 1001;344:898e906.
[8] Brandt T, Grond-Ginsbach C. Spontaneous cervical artery dissection:
from risk factors toward pathogenesis. Stroke 2002;33:657e8.
[9] Duncan IC. Clinically occult chronic dissecting aneurysm of the
superior cerebellar artery in a child. Pediatr Radiol 2005;35:
1118e20.
[10] Mehta B, Burke T, Kole M, et al. Stent-within-a-stent technique for the
treatment of dissecting vertebral artery aneurysms. AJNR Am J Neurol
2003;24:1814e8.
[11] Caplan LR, Bjousse V. Cervicocranial arterial dissections. J Neuro-
ophthalmol 2004;38:868e77.
[12] Droste DW, Junker K, Sto¨gbauer F, et al. Clinically silent circulating
microemboli in 20 patients with carotid and vertebral dissection. Cer-
ebrovasc Dis 2001;12:181e5.
[13] Mizutani T, Kojima H, Asamoto S, et al. Pathological mechanism and
three- dimensional structure of cerebral dissecting aneurysms. J Neu-
rosurg 2001;94:712e7.
[14] Yamaura A, Waanabe Y, Saeki N. Dissecting aneurysms of the intra-
cranial vertebral artery. J Neurosurg 1990;72:183e8.
[15] Willing SJ, Skidmore F, Donaldson J, et al. Treatment of acute intra-
cranial vertebrobasilar dissection with angioplasty and stent placement:
report of two cases. AJNR Am J Neuroradiol 2003;24:985e9.[16] Albuquerque FC, Fiorella DJ, Han PP, et al. Endovascular management
of intracranial vertebral artery dissecting aneurysms. Neurosurg Focus
2005;18. E3.
[17] Kitanaka C, Sasaki T, Eguchi T, et al. Intracranial vertebral artery
dissections: clinical, radiological features, and surgical considerations.
Neurosurgery 1994;34:620e7.
[18] Ahn JY, Chung SS, Lee BH, et al. Treatment of spontaneous arterial
dissections with stent placement for preservation of the parent artery.
Acta Neurochir (Wien) 2005;147:265e73.
[19] DeOcampo J, Brillman J, Levy DI. Stenting: a new approach to carotid
dissection. J Neuroimaging 1997;7:187e90.
[20] Meder JF, Bracard S, Arquizan C, et al. Endovascular treatment using
endoprosthesis and metallic stents for aneurismal dissection of the
intracranial vertebral artery. J Neuroradiol 2001;28:166e75.
[21] Kaku Y, Yoshimura S, Yamakawa H. Failure of stent-assisted endo-
vascular treatment for ruptured dissecting aneurysms of the basilar
artery. Neuroradiology 2003;45:22e6.
[22] Ahn JY, Han IB, Kim TG, et al. Endovascular treatment of intracranial
vertebral artery dissections with stent placement or stent assisted
coiling. AJNR Am J Neuroradiol 2006;27:1514e20.
[23] Lanzino G, Wakhloo AK, Fessler RD, et al. Efficacy and current
limitations of intravascular stents for intracranial internal carotid,
vertebral, and basilar artery aneurysms. J Neurosurg 1999;91:538e46.
[24] Aenis M, Stancampiano AP, Wakhloo AK, et al. Modeling of flow in
a straight stented and non-stented side wall aneurysm model. J Bio-
mech Eng 1997;119:206e12.
[25] Lieber BB, Stancampiano AP, Wakhloo AK. Alteration of aneurysmal
hemodynamics by stenting: influence of stent porosity. Ann Biomed
Eng 1997;25:460e9.
[26] Sugiu K, Takahashi K, Muneta K, et al. Rebleeding of a vertebral artery
dissecting aneurysm during stent-assisted coil embolization; a pitfall of
the ‘‘stent and coil’’ technique. Surg Neurol; 2004:365e70.
[27] Broadbent LP, Moran CJ, Cross 3rd DT, et al. Management of Neu-
roform stent dislodgement and misplacement. AJNR Am J Neuroradiol
2003;24:1819e22.
[28] Scho¨mig A, Neumann FJ, Kastrati A, et al. A randomized comparison
of antiplatelet and anticoagulant therapy after the placement of
coronary-artery stents. N Engl J Med 1996;334:1084e9.
[29] Yamaura I, Tani E, Yokota M. Endovascular treatment of ruptured
dissecting aneurysms aimed at occlusion of the dissected site by using
Guglielmi detachable coils. J Neurosurg 1999;90:853e6.
[30] Rabinov JD, Hellinger FR, Morris PP, et al. Endovascular management
of vertebrobasilar dissecting aneurysms. AJNR Am J Neuroradiol
2003;24:1421e8.
[31] Yasui T, Komiyama M, Nishikawa M. Subarachnoid hemorrhage from
vertebral artery dissecting aneurysms involving the origin of the
posteroinferior cerebellar artery: report of two cases and review of the
literature. Neurosurgery 2000;46:196e201.
[32] Iihara K, Sakai N, Murao K, et al. Dissecting aneurysms of the
vertebral artery: a management strategy. J Neurosurg 2002;97:259e67.
[33] Nakagawa K, Touho H, Morisako T. Long-term follow-up study of
unruptured vertebral artery dissection: clinical outcomes and serial
angiographic findings. J Neurosurg 2000;93:19e25.
[34] Chang S, Srinivas A, Murphy K. Endovascular management of
a patient after SAH. Tech Vasc Interv Radiol 2005;8:108e17.
[35] Birchall D, Khangure MS, Mcauliffe W, et al. Delayed aneurysm
rerupture following total endovascular occlusion. Br J Neurosurg 2001;
15:269e72.
